Ab initio computations within the density functional theory are reported for the spin cross-over complex, [Fe(btz) 2g , e 0 g ) states. Results of infra red and Raman spectra for the isolated molecule are complemented for the crystalline solid with a full account of the electronic band structure properties: the density of states assessing the crystal field effects and the chemical bonding assigning a specific role to the Fe-N interaction within the coordination sphere of Fe II .
Introduction
Few inorganic transition metal ion complexes have the possibility of exhibiting two electronic states of d electrons, the High Spin (HS) and Low Spin (LS). Switching between these two states is subjected to small energy magnitudes around ∼ k BT and the transitions can be achieved with external constraints such as temperature, pressure as well as by applying light. Such spin cross-over (SCO) behaviour has been discussed in detail in several reviews [1, 2, 3, 4] . Theoretical studies at the molecular level [5, 6] are equally available but to our knowledge there are no solid state investigations of the electronic structure for the whole crystal system. Such studies are likely to provide further information on the changes of the electronic density of states as well as on the chemical bonding in the close neighbourhood of central Fe ion. The purpose of this work is to provide spectroscopic and electronic structure information on SCO system [Fe(btz) 2 (NCS) 2 ] (btz stands for 2.2'-Bi-4.5-dihydrothiazine), both for the isolated molecule and for the extended solid state. The btz ligand is similar in its structure to 2,2'-bipyridine-N,N' aromatic ligand. However the presence of sulfur replacing carbon provides a non-planar bidentate ligand as it is shown by the projection in fig. 1 .
Lastly NCS
− mono-dentate ligands are in a cis-position like in most of SCO complexes, such as [Fe(phen) 2 (NCS) 2 ] [7] .
The crystallographic and SCO characteristics were investigated by many authors [8, 9, 10] . Just like the prototype of SCO systems, [Fe(phen) 2 
Theoretical and computational frameworks
Although the use of Hartree-Fock (HF) approach has been shown to provide a good description of the molecular orbital and chemical bonding properties mainly in organic chemistry, it becomes well established that calling for the density functional theory (DFT) framework [13] brings far more accurate results regarding the energetics and related properties. This is because the compulsory exchange and correlation (XC) effects are equally treated, albeit at a local level, within DFT while only exchange is well accounted for in HF although in a better way (exact exchange [14] ) than in DFT. Taking the best out of each one of the two approaches led to improvements in ab initio molecular calculations with the so called "hybrid functionals". They consist of mixing exact HF exchange, ex. following Becke [14] and DFT based correlation, ex. following Lee, Yang and Parr, i.e., the so-called LYP correlation [15] , with proportions that help to reproduce molecular properties of several systems. The calculations have been performed using Gaussian03 package [16] .
In the solid state the molecule is built within the framework of an extended solid, according to the X-ray diffraction crystal structure determination [8, 9] . This allows for a better account of possible cooperative effects and for a description of the electronic band structure of the whole system. For this purpose we use the all electron augmented spherical wave method (ASW) [17] . Beside its use of DFT, ASW method is based on the atomic sphere approximation (ASA), a special form of muffin-tin approximation which consists in dividing the cell volume into atomic spheres whose total volume is equal to the cell volume. The calculation being carried out in the atomic spheres space, empty spheres (pseudo-atoms) need to be introduced -without symmetry breaking-in open (low compactness) structures such as that of the system studied here. Further, empty spheres allow for the iono-covalent characteristcis of the system to be accounted for by receiving charges from actual atomic species. The use of this method in molecular systems was formerly validated by Eyert et al. [18] . In the context of this study, ASW-LDA was used in order to obtain a description of the electronic structure with the partial, site projected, density of states. Further the chemical interaction is assessed especially within the coordination sphere of divalent iron thanks to E COV (covalence energy), which allows to get two-body chemical bond characteristics [19] . Negative, positive and zero E COV point to bonding, anti-bonding and non-bonding interactions respectively.
Results and discussion for the isolated molecule
Starting geometries for HS and LS configuration molecules were extracted from the Crystallographic Information File (CIF) files [8] . in the Gaussian type orbitals GTO) [20, 21] . Firstly the geometry of the molecule is optimized in both spin states and the results tested against the experimental distances within the coordination sphere of iron (cf. fig. 1 ). ). These average values agree with theoretical ones for other similar SCO complexes in the literature [6] where BP86 hybrid functional and triple-ζ basis set were used. Similarly, an agreement between computed values of distances versus experiment was also found. However some discrepancy was observed for the magnitudes of For instance this should be particularly helpful when micro-Raman charaterizations are carried out. Firstly we discuss the domain of low frequencies in wave numbers: cm −1 . At ν < 500 cm −1 the Fe-N elongation modes are present. In the case of LS, a peak at 532.1 cm −1 could be detected and assigned to Fe-N (N CS) elongation which is mainly active in IR. This magnitude comes close to experiment; i.e., 532.6 cm −1 [3, 6] kJ/mol favoring the high spin case. We note that the ∆ LS/HS is governed by the amount of exchange admixture in the energy functional [22, 23] . A main result was that adjustment of the exact exchange admixture is necessary since pure density functionals tend to favor low-spin states, while hybrid functionals like B3LYP usually give the high-spin state as the lowest-energy state if the low-spin/high-spin energy splitting ∆ LS/HS is not too large [24] .
Our results are in agreement with those of Paulsen, Trautwein and co-works [5] who have conducted an extensive study on several spin-crossover complexes using different basis sets and density functionals. Their results show that the B3LYP favors, in general, the high-spin state while all pure density functionals favor the low-spin state. Interestingly we shall show that the energetics extracted from the solid state calculations (section 4) will exhibit this tendency.
Further we have tried to reproduce the T (exp.)=176 K [7] ) was obtained in the literature with BP86 hybrid functional [22] .
One can interpret the reduced T Fe and NCS ligand, one needs to say that the major bonding is due to the charged ligands only. This gives the following picture "Fe
i.e. with the btz ligand playing a secondary role in the coordination sphere of Fe 2+ .
Conclusion
In this work, we presented a molecular calculation for the [Fe [3, 6] are given between brackets. 
